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Abstract 
This paper introduces a DSP-based portable electrical characteristics detector for liquid crystal materials. It can 
accomplish the real-time dynamic testing of the liquid crystal electrical parameters via real-time regulating voltage 
and frequency of the driving signal. So the continuous response characteristic of the materials can be obtained and its 
breakdown characteristics and failure mechanism can be investigated. Because frequency of testing signal source 
continuously varies, the detector utilizes on-chip event-manager module and A/D converter module to realize real-
time frequency track and entire cycle sampling. The least square fitting method is used to correct dynamic measuring 
error.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
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1. Introduction 
 With the increasing amount of information and the frequent information exchange, display technology 
and device become important. In the present, liquid crystal display (LCD) has been widely used since its 
low voltage, small power usage and no radiation[1]. Liquid crystal is the basic component of LCD and its 
attributes even influence the device's display performance. Under external electric field, the liquid crystal 
material can be treated as combination of resistors and capacitors in parallel. Its impedance determines its 
dielectric properties. Therefore, researchers often test the impedance of liquid crystal materials for 
dielectric constant, resistivity and other electrical parameters, so as to provide direct experimental data to 
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study the breakdown characteristics and failure mechanism. However, the ordinary testing device is 
usually worked at low level, only one transient parameter is measured every time by the common testing 
device. The continuous response characteristics of the materials can not be obtained by this testing 
method. It is necessary to develop a real -time dynamic electrical characteristics detector.  
The device integrates measurement and display. It can simulate working environment under different 
voltage and frequency drive for the liquid crystal materials. It uses TMS320LF2407 DSP chip from TI, 
U.S, which has fast on-chip A/D converter module and event-manager module. The electrical parameters 
of liquid crystal are measured by real-time and dynamic changes in the voltage and frequency. 
2. Methodology  
The device is equiped with a dedicated drive signal source, which is capable to generate the sine, 
square and triangle wave signals with adjustable frequency and amplitude. At any time, users can change 
the wave, frequency and voltage of the source signal through use of keyboard. By turning the knob on the 
contrl panel, users can continuously adjust step interval. All the characteristics of signal source will be 
displayed on LCD screen. At the same time, combined with DSP technology, the system can produce sine 
wave bandwave scan which can be used to measure the full response of liquid crystal material on in once. 
Figure 1 is the system layout. 
The drive signal is applied to both ends of the tested liquid crystal materials. The reponse voltage 
signal of the liquid cystal is enlarged and divided into two branches: one is fed into A/D converter module 
of LF2407A for voltage sampling, the other is fed into frequency measurement circuit for real-time 
frequency tracking . Through I/V converter and instrument amplifier AD524, the reponse current signal is 
fed into A/D converter module of LF2407A for current sampling. When the drive signal is periodic signal, 
the discrete response of voltage and current could be respectively obtained through A/D conversion for 
the entire cycle in a multi-spaced sampling data. Then, FFT will be applied for further analysis to 
determine a series of frequency response parameters of liquid crystal material and the result will be 
displayed on the LCD screen on a real time basis. 
3. Design for main hardware circuit 
3.1. The minimum system circuit  
Fig.1. The system layout  chart 
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System CPU uses TMS320LF2407 chips from TI company. It is equiped with 25ns clock[2]. Two 
parallel IS61LV6416 chips was applied to extend a 64K data storage space and a 64K program memory 
space. Two serial 24LC256 chip serves for easy system upgrade and capabilities extension. Through use 
of serial communication, further dynamic real time analysis and three-dimensional visualization can be 
done. In addition, to facilitate the online debugging, the system has the JTAG interface. 
3.2. Drive signal source circuit  
To obtain high-voltage test signal, the signal source circuit of the system has multi-waveform signal 
generator and high-fidelity wide band high power amplifier. The signal generator has the MAX038 chip 
and its external frequency switching circuit, duty cycle, frequency and amplitude adjustment circuits. The 
circuit is shown in Fig 2. 
Waveform of the present system is achieved by different logic level from PC0 ~ PC1 port output. 
When PC0 = 0 or 1, PC1 = 0 ,sine wave is generated; while PC0 = 1, PC1 = 1 ,system generates a square 
wave. By adjusting RP101 of the duty cycle adjustment circuit, MAX038 could modify the voltage level 
of sine wave output with minimal distortion. The system was pre-configured with three sets of frequency 
ranges: 10Hz ~ 100 Hz, 100Hz ~ 1KHz, 1KHz ~ 10KHz, which is controlled by PC2 ~ PC4 port of 
LF2407A. The fine frequency tuning could be done by RPFRQ.  
The original signal is fed into AADJ to be further amplified by 5 times or 10 times with high-fidelity. 
The output amplitude ranges 0 ~ 7.07V or 0 ~ 70.7V.  0 ~ 7.07V signal is used for dynamic impedance 
measurement ,while the 0 ~ 70.7V signal is used to analyze the breakthrough characteristics of liquid 
crystal materials and failure mechanisms. The amplification is control by PB6 port of LF2407A. To 
measure the full spectrum response of liquid crystal materials, the system uses PWM output of LF2407A 
to generate sine wave scan signal by the hardware double integrator. The PWM waveform could be 
obtained from software programming look-up table. 
Fig.2.  The multi-waveform signal generator circuit 
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4. Software  
Software System is in modular design. It has four modulars. (1) system initialization module (2) 
keyboard scan and LCD display module. (3) Frequency measurement and data sampling module (4) data 
processing module.  
4.1. Drive signal frequency tracking  
When using real-time measurement program, the drive signal was adjusted on a real-time basis. 
Therefore, the frequency values of the signal source can not be pre-determined precisely. To improve the 
measurement accuracy, capture unit CAP5 of LF2407A chip detects the rising edge of each wave and 
measure the time difference of the two adjacent transitions to get the sine wave cycle value, and then 
further to obtain the frequency value. Because this frequency measurement method susceptible to external 
noise, the system uses averaging digital filtering scheme of a number of measurements to improve the 
frequency accuracy. The system utilizes capture timer 3 as base unit, the signal period can be calculated 
as follows: 
T =( the i+1th value of CAP5FIFO - the ith value of CAP5FIFO)×  x ×25×10-9s             (1) 
Where x is the timer prescale factor 3, a total of eight kinds of factors available, namely 
1,2,4,8,16,32,64,128. 
From the above equation, the value of x affects the accuracy of frequency measurement. Therefore, x 
value should be change as a function of the measurement signal frequency. For 10Hz ~ 100 Hz signal, x 
take 128, which results in the maximum relative error 0.032%, while for 100Hz ~ 1kHz signal, x takes 32 
and the maximum relative error is 0.008%. 
4.2. Signal entire cycle sampling 
Signal sampling is the core of software system. In order to prevent frequency overlap during data 
analysis, a proper sampling frequency should be chosen follwing Nyquist sampling theorem with the 
conversion time limit. The configuration of system is that the ADC module is 1, CPS bit is 0, ADC clock 
is 40MHz and the ADC converting time is 500ns. Each voltage and current cross-sampling completes in 
one 　s.   
The determination of exact frequency of drive signals enables the voltage and current signals real-time 
synchronous sampling. For instance, the EVA Timer 1 register T1PR value is determined as Ts × 40 × 
106-1, which Ts is given by period T divided by 256 sampling points. Timer 1 generates interrupt signals 
to A/D converter after Ts. The voltage and current results will be stored in the corresponding array, until 
256 points are collected. 
During real-time measurement, the sampling frequency must change according to the signal frequency. 
Otherwise, big measurement error is expected. Therefore, the system is able to keep track of the signal 
frequency and modify the sampling interval at any time.  
4.3. System error correction 
Because of the influence of the testing system parasitic parameters and the temperature drift of 
components, the real impedance between the testing terminals is not equal zero while being shortened or 
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is not infinite while it is opened. It must be calibrated. Exception of these errors, it must also be calibrated 
at every point of voltage and frequency . Because they are all changed continuously, it is difficult to 
calibrate these errors. In this paper, a segment curved surface fitting method is used. Based on differential 
calculus and real testing datas, the least curved surface fitting equation can be obtained. Because of the 
limitation of space, deduction process  is omitted.  System error can be calibrated as follows:  
5. Conclusion  
The present work demonstrates the application of DSP technology to achieve the dynamic 
measurement of electrical characteristics of liquid crystal materials. The obtained parameters provide an 
important basis to study of the breakdown characteristics and failure mechanism and the materials 
selection for liquid crystal devices. It has been shown that this devise is fast, capable of real-time signal 
processing, highly precise and easy to operate. The system can also be applied to analysis resistant 
parameters of other materials on a real-time basis. 
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